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EXPONENTIAL STABILITY VIA APERIODICALLY
INTERMITTENT CONTROL OF COMPLEX-VARIABLE
TIME DELAYED CHAOTIC SYSTEMS
Cheng Fang and Song Zheng
This paper focuses on the problem of exponential stability analysis of uncertain complex-
variable time delayed chaotic systems, where the parameters perturbation are bounded assumed.
The aperiodically intermittent control strategy is proposed to stabilize the complex-variable
delayed systems. By taking the advantage of Lyapunov method in complex field and utilizing
inequality technology, some sufficient conditions are derived to ensure the stability of uncer-
tain complex-variable delayed systems, where the constrained time delay are considered in the
conditions obtained. To protrude the availability of the devised stability scheme, simulation
examples are ultimately demonstrated.
Keywords: complex-variable system, delayed, uncertain, stability, aperiodically intermit-
tent control
Classification: 34D06, 34D35, 34C15
1. INTRODUCTION
Stability of chaotic systems has been extensively investigated for the past decades be-
cause of its importance in various fields([2, 20, 21, 23]). At the same time, many control
strategies have been developed to regulate the stability or synchronization behavior, such
as active control ([16]), adaptive control ([31]), pinning control ([3]), sliding-mode control
([15]), impulsive control([29]) and intermittent control ([32]). Different control schemes
have different advantages. Especially, intermittent control with work time and rest time
emerging alternately has been extensively used in realizing stability and synchronization
of chaotic systems, for example, see ([1, 4, 8, 10, 11, 12, 22, 24]) and references therein.
In this type of control strategy, each period usually contains two types of time, one is
work time where the controller is activated, and the other one is rest time where the
controller is off. When rest time is zero, the intermittent control reduces to continu-
ous control, while work time is zero means that the intermittent control becomes the
impulsive control. Obviously, compared with the continuous control methods, intermit-
tent control is more economical and efficient because the system output is measured
intermittently rather than continuously.
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From the literature, there exist two kinds of intermittent control schemes: periodically
intermittent control([1, 8, 10, 11, 24, 16]) and aperiodically intermittent control ([13, 14]).
In periodically intermittent control ([1, 8, 16, 10, 11, 24]), the control period, the control
time as well as the control rate was assumed to be constants. This requirement of
periodicity in intermittent control is unreasonable, which can unavoidably lead to some
conservatism in practical applications. In many practical applications, each work time
in intermittent control is needed to be changeable and therefore adjusted in accordance
with actual situations. Aperiodically intermittent control is less conservative and more
practical in the real world. In the structure of aperiodically intermittent control, work
time and rest time are aperiodic. Thus, periodically intermittent control is a special
case of aperiodically intermittent control. From these points of view, exploitation of
aperiodically intermittent control is more reasonable and necessary. There are few results
about synchronization via aperiodically intermittent control. Synchronization for the
linearly coupled network was investigated by pinning a simple aperiodically intermittent
controller in ([13]). The work ([14]) studied quasi-synchronization for nonlinear coupled
chaotic systems via aperiodically intermittent pinning control.
It is worthwhile to note that most of the existing results in relation to stability
and synchronization problems under intermittent control focus on chaotic systems and
complex dynamical networks of coupled dynamical systems with real-variables ([1, 8,
10, 11, 13, 14, 16, 24]), and ignore the study of complex-variable systems. However,
as indicated in ([5, 6, 7, 9, 17, 18, 25, 26, 27, 28, 30]), complex- variable systems have
played an important role in the description of various physical phenomena, such as
detuned laser systems and thermal convection of liquid flows ([7, 19])since the complex
Lorenz system was found in 1982. Afterwards, some works have been done on the
stability and synchronization problem for complex-variable chaotic systems and coupled
complex-variable dynamical systems, see Refs. ([5, 6, 9, 17, 18, 25, 26, 27, 28, 30]) and the
references therein. The stabilization of uncertain complex-variable delayed systems ([30])
by using intermittent control methods with multiple switched periods was investigated.
Different forms of modified time delay hyperchaotic complex Lü system were constructed
by including the delay. And the active control method based on Lyapunov–Krasovskii
function was used to synchronize the hyperchaotic attractors ([17]).Furthermore, taking
the control cost and practical implementation into account, it is of great importance
to study the stability analysis of time delay complex system by using aperiodically
intermittent control. However, to the best of our knowledge, most of existing works are
dealing with the problem of synchronization and stability in complex-variable delayed
systems with continuous control ([9, 17, 18]). There is little analytical results about the
stability of complex-variable systems in the form of aperiodically intermittent control
scheme. Therefore, how to design effective aperiodically intermittent controller for this
class of complex-variable systems is an important topic and deserves further studies.
This is the main motivation of this paper.
Based on the above discussions, the aperiodically intermittent control problem has
been primary issue, there are still more rooms for improvement, which motivates our
research. This paper further investigates the stability of uncertain complex-variable
delayed systems by using aperiodically intermittent control. By taking the advantage
of Lyapunov method in complex field and utilizing inequality technology, some suffi-
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cient conditions are derived analytically. Numerical simulations are also given to show
the effectiveness of the theoretical results. The main contributions in this paper are
given as follows: (1) We overcome the difficulty of uncertain factor with parameters
perturbation; (2) The stability of uncertain complex-variable delayed system is studied
under aperiodically intermittent control, which extends the scope of practical applica-
tions of intermittent control strategy. (3) The derived theoretical results indicate that
the globally exponential stability criteria depend on the constrained time delay τ .
The rest of this paper is organized as follows. Section 2 gives some necessary pre-
liminaries. In section 3, stability criteria for stability are derived analytically via the
aperiodically intermittent control designed. In Section 4, numerical examples are given
to illustrate the theoretical results. Finally some conclusions are given in Section 5.
The notations used throughout this paper are fairly standard. For any complex
number (or complex vector) x, the notations xr and xi denote its real and imaginary
parts, respective, and x denotes the complex conjugate of x. The norm of any complex
vector x is ||x|| =
√
xTx, sup denotes the upper bound. Denote λmax(A) and λmin(A)
as the maximal and minimal eigenvalues of matrix A respectively. AT and A denote
its transpose and its conjugate, respectively. ||A|| =
√
ATA. H ∈ Hn×n denotes the
set of n× n Hermite matrices. Let C([−τ , 0], Cn) be a Banach space of continuous with
the norm ||ϕ|| = sup−τ≤σ≤0 ||ϕ(σ)||. Denote [ϕ(t)]τ = ([ϕ1(t)]τ , [ϕ2(t)]τ , · · · , [ϕn(t)]τ ),
[ϕk(t)]τ = sup−τ≤σ≤0 ||ϕk(t+ σ)||. I is a unit matrix with appropriate dimension.
2. MODEL DESCRIPTION AND PRELIMINARIES
We consider the following form of the complex-variable delayed dynamical system with
parameters perturbation
ẋ = (A+ ∆A)x+ (B + ∆B)x(t− τ(t))
+ f(t, x) + g(t, x(t− τ(t))),
x(t0 + s) = φ(s) ∈ C([−τ , 0], Cn),
(1)





l, l = 1, 2, · · · , n and j =
√
−1, superscripts r and i stand for the real and
imaginary parts of the state complex vector x, respectively. A,B ∈ Cn×n, ∆A ∈ Cn×n
and ∆B ∈ Cn×n parameters perturbation matrices bounded by ∆ATA ≤ αI and
∆BTB ≤ βI, and α, β > 0. f(·, ·), g(·, ·):[0,+∞) × Cn → Cn are continuous nonlinear
function vectors, τ(t) is continuous functions with 0 ≤ τ(t) ≤ τ (τ is a constant).
Before stating our main results, we give some necessary assumption, definition and
lemmas, which are useful in deriving stabilization criteria. Throughout this paper, we
always assume that the complex vector-variable functions f(t, x) and g(t, x(t − τ(t)))
satisfy the following Assumption 2.1, that is,
Assumption 2.1. Suppose that there exist two positive constants lf and lg such that
the complex-variable vector functions f(t, x) and g(t, x(t− τ(t))) satisfy
||f(t, x)− f(t, y)|| ≤ lf ||x− y||,
||g(t, x(t− τ(t)))− g(t, y(t− τ(t)))|| ≤ lg||x(t− τ(t))− y(t− τ(t))||.
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Definition 2.2. If there exist ε > 0 and M > 0 such that for any t ≥ 0, ||x(t)|| ≤
M sup−τ≤θ≤0 ||x(θ)|| exp(−εt), then the system (1) is said to be exponentially stable.
Lemma 2.3. (Fang and Sun [5]) For any X,Y ∈ Cn and constant ζ > 0 if H ∈ Hn×n
is a positive definite matrix, then XTHY + Y THX ≤ ζXTHX + ζ−1Y THY .
Lemma 2.4. (Li et al. [10]) Let x : [t0 − τ ,+∞)→ [0,+∞) be a continuous function
such that ẋ(t) ≤ −ax(t) + bmaxxt is satisfied for ∀t ≥ t0. If a > b > 0 then x(t) ≤
maxxt0 exp(−γ(t−t0)), t ≥ 0, where maxxt = supt−τ≤ξ≤t x(ξ) and γ > 0 is the smallest
real root of equation a− γ − b exp(γτ) = 0.
Lemma 2.5. (Li et al. [10]) Let x : [t0 − τ ,+∞)→ [0,+∞) be a continuous function
such that ẋ(t) ≤ ax(t) + bmaxxt is satisfied for ∀t ≥ t0. If a > 0, b > 0 then x(t) ≤
maxxt ≤ maxxt0 exp((a+ b)(t− t0)), t ≥ 0, where maxxt = supt−τ≤ξ≤t x(ξ).
3. MAIN RESULTS
To achieve the stability, the controlled system of (1) can be described by the following
form
ẋ = (A+ ∆A)x+ (B + ∆B)x(t− τ(t)) + f(t, x) + g(t, x(t− τ(t))) + u(t) (2)
where u(t) is a linear state feedback controller with aperiodically intermittent control
designed later.
For m = 0, 1, 2, · · · , the aperiodically intermittent controller is defined as follows
u(t) =
{
Kx, t ∈ [tm, sm),
0, t ∈ [sm, tm+1).
(3)
Here, K ∈ Cn×n is a control gain matrix.
Theorem 3.1. Suppose that Assumption 2.1 holds and the following conditions are
satisfied
(i) Ω1 = A
TH +HA+ ζ1l
2
fI + ζ4αI + ζ
−1
1 H
2 + ζ−12 H
2 + ζ−13 H
2
+ζ−14 H
2 + ζ−15 H
2 −HK −KTH + g1H ≤ 0,
(ii) Ω2 = A
TH +HA+ ζ1l
2
fI + ζ4αI + ζ
−1
1 H
2 + ζ−12 H
2 + ζ−13 H
2
+ζ−14 H
2 + ζ−15 H
2 − g3H ≤ 0,
(iii) Ω3 = ζ3B
TB + ζ2l
2
gI + ζ5βI − g2H ≤ 0,
(iv) (g3 + g2)(tm+1 − sm)− γ(sm − τ − tm) ≤ ∆,m = 0, 1, 2, · · · ,
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where g1 > g2 > 0, g3 > 0. γ > 0 is the smallest real root of equation g1 − γ −
g2 exp(γτ) = 0. ∆ is an arbitrarily small positive number. Then the aperiodically
intermittent controlled complex-variable delayed chaotic system is globally exponentially
stable at origin.
P r o o f . Select the following Lyapunov type function defined as
V (t, x) = xTHx. (4)
When t ∈ [tm, sm), then, the derivative of (4) along the trajectories of (2) and
Assumption 2.1, we can obtain
V̇ (t) = ẋTHx+ xTHẋ
= [(A+ ∆A)x+ (B + ∆B)x(t− τ(t)) + f(t, x) + g(t, x(t− τ(t))) + u(t)]THx
+ xTH[(A+ ∆A)x+ (B + ∆B)x(t− τ(t)) + f(t, x) + g(t, x(t− τ(t))) + u(t)]
= xT (ATH +HA)x+ xT (t− τ(t))BTHx+ xTHBx(t− τ(t))
+ (∆Ax)THx+ xTH(∆Ax)
+ (∆Bx(t− τ(t)))THx+ xTH(∆Bx(t− τ(t)))
+ gT (t, x(t− τ(t)))Hx+ xTHg(t, x(t− τ(t)))
+ fT (t, x)Hx+ xTHf(t, x) + u(t)THx+ xTHu(t).
From Assumption 2.1 and Lemma 2.3, we have
f(t, x)THx+ xTHf(t, x)
≤ ζ1f(t, x)T f(t, x) + ζ−11 xTH2x





gT (t, x(t− τ(t)))Hx+ xTHg(t, x(t− τ(t)))
≤ ζ2gT (t, x(t− τ(t)))g(t, x(t− τ(t))) + ζ−12 xTH2x
≤ ζ2x(t− τ(t))T l2gIx(t− τ(t)) + ζ−12 xTH2x,
(6)
xT (t− τ)BTHx+ xTHBx(t− τ(t))
≤ ζ3x(t− τ(t))TBTBx(t− τ(t)) + ζ−13 xTH2x,
(7)
∆ATH +H∆A
≤ ζ4(∆A)T (∆A) + ζ−14 HTH
≤ ζ4αI + ζ−14 H2,
(8)
(∆Bx(t− τ(t)))THx+ xTH(∆Bx(t− τ(t)))








fI + ζ4αI + ζ
−1
1 H
2 + ζ−12 H
2 + ζ−13 H
2
+ ζ−14 H
2 + ζ−15 H
2 −HK −KTH + g1H
]
x− g1xTHx









T (t− τ(t))Hx(t− τ(t))
= xTΩ1x− g1V (t) + xTΩ3x+ g2V (t− τ(t))
≤ −g1V (t) + g2V (t− τ(t))
(10)
where Ω1 ≤ 0 and Ω3 ≤ 0.
On the other hand, when t ∈ [sm, tm+1), similarly, we can derive
V̇ (t) = xTΩ2x+ g3V (t) + x
TΩ3x+ g2V (t− τ(t))
≤ g3V (t) + g2V (t− τ(t))
(11)
where Ω2 ≤ 0 and Ω3 ≤ 0.
Thus, we have {
V̇ (t) ≤ −g1V (t) + g2V (t− τ(t)), t ∈ [tm, sm),
V̇ (t) ≤ g3V (t) + g2V (t− τ(t)), t ∈ [sm, tm+1).
(12)
When t ∈ [tm, sm) from (12), we have
V̇ (t) ≤ −g1V (t) + g2V (t− τ(t))
≤ −g1V (t) + g2V (tm)
where V (tm) = maxtm−τ≤ξ≤tm V (ξ).
From lemma 2.4, V (t) satisfies
V (t) ≤ V (tm) exp(−γ(t− tm)), (13)
here γ > 0 is the smallest real root of equation g1 − γ − g2 exp(γτ) = 0.
When t ∈ [sm, tm+1) from (12), we have
V̇ (t) ≤ g3V (t) + g2V (t− τ(t))
≤ g3V (t) + g2V (sm)
where V (sm) = maxsm−τ≤ξ≤sm V (ξ).
From lemma 2.5, V (t) satisfies
V (t) ≤ V (sm) exp
[
(g3 + g2)(t− sm)
]
. (14)
Now, based on above Eqs.(12)-(14), we estimate V (t).
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When m = 0, the following inequalities can be derived.
For t ∈ [t0, s0), using (13)
V (t) ≤ V (t0) exp(−γ(t− t0)). (15)
For t ∈ [s0, t1), using (14)







exp[(g3 + g2)(t− s0)]
≤ V (t0) exp[−γ(s0 − τ − t0)] exp[(g3 + g2)(t− s0)]
= V (t0) exp[(g3 + g2)(t− s0)− γ(s0 − τ − t0)]
≤ V (t0) exp[(g3 + g2)(t1 − s0)− γ(s0 − τ − t0)].
(16)








≤ V (t0) exp[(g3 + g2)(t1 − s0)− γ(t− t1 + s0 − τ − t0)].
(17)







exp[(g3 + g2)(t− s1)]
≤ V (t0) exp[(g3 + g2)(t2 − s1 + t1 − s0)
− γ(s1 − τ − t1 + s0 − τ − t0)].
(18)








≤ V (t0) exp[(g3 + g2)(t2 − s1 + t1 − s0)
− γ(s1 − τ − t1 + s0 − τ − t0)] exp[−γ(t− t2)]
= V (t0) exp[(g3 + g2)(t2 − s1 + t1 − s0)
− γ(t− t2 + s1 − τ − t1 + s0 − τ − t0)].
(19)







exp[(g3 + g2)(t− s2)]
≤ V (t0) exp[(g3 + g2)(t3 − s2 + t2 − s1 + t1 − s0)




For t ∈ [tm, sm),
V (t) ≤ V (t0) exp[(g3 + g2)(tm − sm−1 + · · ·+ t2 − s1 + t1 − s0)
− γ(sm−1 − τ − tm−1 + · · ·+ s1 − τ − t1 + s0 − τ − t0)].
(21)
For t ∈ [sm, tm+1),
V (t) ≤ V (t0) exp[(g3 + g2)(tm+1 − sm + · · ·+ t2 − s1 + t1 − s0)
− γ(sm − τ − tm + · · ·+ s1 − τ − t1 + s0 − τ − t0)].
(22)
From the condition in the Thereom 3.1, we obtain
(g3 + g2)(tm+1 − sm + · · ·+ t2 − s1 + t1 − s0)
− γ(sm − τ − tm + · · ·+ s1 − τ − t1 + s0 − τ − t0)
≤ −(m+ 1)∆,
then, we have









Therefore, the stabilization of the complex-variable chaotic delayed system (1) is
realized. The proof is completed. 
Furthermore, we let H = I,K = kI and ζi = 1(i = 1, 2, · · · , 5), so g1 = 2k −
λmax(A
T + A) − l2f − α − 5, g2 = l2g + λmax(BTB) + β, g3 = 2k − g1. Then, from the
Theorem 3.1, we have the following corollary.
Corollary 3.2. Given ∆ and τ , if there exist control gain k and positive γ such that
g1 = γ + g2 exp(γτ) and (g3 + g2)(tm+1 − sm)− γ(sm − τ − tm) ≤ −∆, m = 0, 1, 2, · · · ,
then the aperiodically intermittent controlled complex-variable chaotic delayed system
is exponentially stable at origin.
Remark 3.3. From the Theorem 3.1 and Corollary 3.2, we can find that the condition
(g3 + g2)(tm+1− sm)−γ(sm− τ − tm) ≤ −∆ could be replaced by the following equality
lim
m→∞
[(g3 + g2)(tm+1 − sm)− γ(sm − τ − tm)] = −∞.
Remark 3.4. In ([5, 6, 7, 9, 16, 17, 19, 25, 26, 27, 28, 29, 30]), the stability and
synchronization problem for complex-variable systems was addressed. Compared with
them, this paper has studied stability of complex-variable delayed systems with pa-
rameters perturbation. Meanwhile, the designed intermittent controllers can be aperi-
odic. Moreover, the constrained time delay is considered in the obtained conditions,
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that is, we take the time-delay influence into account. Obviously, our results con-
tain the works of stability of complex chaotic systems which studied by using peri-
odically intermittent control. In addition, it should be pointed out that these results
([5, 6, 7, 9, 16, 17, 18, 19, 25, 26, 27, 28, 29, 30])
were obtained based on some novel research methods, which inspires us to do some
further investigations, such as stability of complex-variable systems with stochastic per-
turbation.
4. NUMERICAL SIMULATIONS
In this subsection, the illustrative examples are provided to show the effectiveness of
the stability of delayed complex systems with parameters perturbation. We consider the
following delayed complex Lorenz system
ẋ1 = a1(x2 − x1) + x1(t− τ)




(x1x2 + x1x2)− a3x3 + x3(t− τ).
(25)
When the parameters a1 = 20, a2 = 12, a3 = 5, τ = 0.01, the delayed complex Lorenz
system exhibits chaotic behavior (see Figure 1). f(x) = (0,−x1x3, 12 (x1x2 + x1x2))
T ,
g(x(t− τ(t))) = 0,B = I3 and A =
−a1 a1 00 a2 0
0 0 −a3
 .

























Fig. 1. Phase trajectory of time delayed chaotic system (25).
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According to Ref. ([5]) one has lf = 0 and lg = 0, so that Assumption 2.1 holds. Take
the parameters perturbation matrices as the following
∆A =
−0.4 0 00 0.5 0
0 0 −0.6
 , ∆B =
0.5 0.5 0.50.5 0.5 0.5
0 0 0.5
 ,
it is obviously that ∆AT∆A ≤ 0.36I,∆BT∆B ≤ 1.5931I. For simplicity, in the nu-
merical simulations, the initial states of the complex-variable delayed system is (2, 1 −
5j, 3− 4j). Trajectories of real and imaginary parts of xi(t) without control are shown
in Figure 2.
Fig. 2. Trajectories of real and imaginary parts of xi(t) without
control.
Let α = 0.36, β = 1.5931,k = 20, ∆ = 0.01. By solving conditions in Corollary 3.2,
we can obtain g1 = 2k−λmax(AT +A)− l2f −α−5 = 4.9041, g2 = l2g+λmax(BTB)+β =
2.5931, g3 = 2k − g1 = 35.0959. The γ = 2.2519 is the unique positive solution of the
equation g1 − γ − g2 exp(γτ) = 0, then we can set the work time interval with the
following inequality
37.689(tm+1 − sm)− 2.2519(sm − tm − 0.01) ≤ −0.01,∀m = 0, 1, 2, · · · .
For example, when sm− tm = 0.21, one gets tm+1− sm ≤ 0.1168; when sm− tm = 1.01,
one gets tm+1 − sm ≤ 0.5948; when sm − tm = 2.01, one gets tm+1 − sm ≤ 0.1192;
when sm − tm = 3.01, one gets tm+1 − sm ≤ 0.1789; when sm − tm = 4.01, one gets
tm+1 − sm ≤ 0.2381; when sm − tm = 5.11, one gets tm+1 − sm ≤ 0.3044; . . . .
Based on the above analysis, the work time intervals are defined as
[0, 0.21]∪ [0.31, 0.52]∪ [0.62, 1.63]∪ [2.22, 4.23]∪ [4.34, 7.35]∪ [7.52, 11.53]∪ [11.76, 16.87]
∪[17.17, 20.18] ∪ · · · .
According to Corollary 3.2, all conditions are satisfied, so this system is robustly
exponentially stable. This is verified by the simulation results shown in Figure 3. There
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results show that the stabilization has been achieved according to the intermittent con-
trol.






















Fig. 3. Trajectories of real and imaginary parts of xi(t) with
aperiodically intermittent control.
Remark 4.1. In this paper, we have investigated the stability problem of a class of
complex -variable delayed systems with parameters perturbation via aperiodically in-
termittent control method. The robustness of the stability is mainly reflected in the
resistance to external parameters perturbation. That is, for any unknown parameters
perturbation satisfied with the bounded conditions, the proposed method remain valid
and robustness. Additionally, our results can be also applied on the complex-variable
delayed systems without parameters perturbation.
Remark 4.2. Recently, a common approach ([9, 16, 17, 18]) studying the stability and
synchronization of complex-variable systems is to separate them into real parts and
imaginary parts, and rewrite them as two equivalent real variable systems, then discuss
the synchronization problem by use of the stability criteria of real systems, but it is
very lengthy and complicated. However, in this paper, we directly discuss the stability
problem of delayed complex-variable systems by constructing a positive definite function
in the complex fields. That is, we study the stability of complex-variable systems, which
does not require us to split the real and imaginary parts.
5. CONCLUSION
In this paper, the stability problem of uncertain complex-variable time delayed chaotic
system has been investigated by using aperiodically intermittent. Sufficient conditions
for stability are obtained based on the stability theory and inequality technique. Dif-
ferent from previous work, the time delay constrained was considered in our results.
Moreover, we can design the work width and the rest width to achieve the stability
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of the uncertain complex-variable time delayed chaotic system. Finally, the theoreti-
cal results are verified by numerical simulations to demonstrate the effectiveness of the
suggested stability methodology. Note that, in this paper, the robustness of the sta-
bility is mainly reflected in the resistance to external parameters perturbation. To our
knowledge, a real world system can be affected by external perturbation, like stochas-
tic perturbation, theoretically, stability is not easy to achieve. Therefore, exponential
stability of complex-variable delayed chaotic systems with stochastic perturbation via
aperiodically intermittent control presents an important topic for our future research.
ACKNOWLEDGEMENT
The authors sincerely thank the editor and the anonymous reviewers for their valuable com-
ments and suggestions that have led to the present improved version of the manuscript. This
work was jointly supported by the Humanities and Social Science Foundation from Ministry
of Education of China (Grant No.19YJCZH265), the National Society Science Foundation of
China (Grant No. 18BJL073), and First Class Discipline of Zhejiang-A (Zhejiang University of
Finance and Economics-Statistics), and the Preeminent Youth Fund of Zhejiang University of
Finance and Economics.
(Received July 31, 2019)
R E F E R E N C E S
[1] S. Cai, P. Zhou, and Z. Liu: Pinning synchronization of hybrid-coupled directed
delayed dynamical network via intermittent control. Chaos 24 (2014), 033102.
DOI:10.1063/1.4886186
[2] T. W. Carr and I. B. Schwartz: Controlling the unstable steady state in a multimode
laser. Phys. Rev. E 51 (1995), 5109–5111. DOI:10.1103/physreve.51.5109
[3] T. Chen, X. Liu, and W. Lu: Pinning complex networks by a single controller. IEEE
Trans. Circuits Systems I 54 (2007), 1317–1326. DOI:10.1109/tcsi.2007.895383
[4] Y. Dong, S. Liang, L. Guo, and W. Wang: Exponential stability and stabilization for
uncertain discrete-time periodic systems with time-varying delay. IMA J. Math. Control
Inform. 35 (2018), 3, 963–986. DOI:10.1093/imamci/dnx003
[5] T. Fang and J. Sun: Stability of complex-valued impulsive system with delay. Appl.
Math. Comput. 240 (2014), 102–108. DOI:10.1016/j.amc.2014.04.062
[6] T. Fang and J. Sun: Stability of complex-valued impulsive and switching system and
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